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ful inspection of the diagrams will certainly prove in- plants cultivated for the manufacture of this import- and the depth about 3 ft. The lower vats, however, 
teresting and instructive. It may, however, oe said ant dveware are the Indirpfe1'a tirwtm'ia, Indigo!e1'a are often one-third longer than the upper vat�. The 
that there is a coke furnace which presents the follow- anil, Tndlgojel'a dispermu, and Indigoje1'a a1'gentw. cut indigo plants, tied up in bundles, are neatly placed 
ing: Capacity, 10,000 cubic feet; diameu-r of hearth, Of these, the Indigoje1'a tirwwj'ia is the most abund- in the upper tanks, care being taken to pack them 
10 it. ; height, 6 ft. ; _diameter of bosh, 16 ft; neight antly grown. The land is plowed in October 01' No· tightly, smce it is important, in order to msure the 
of bosh to greater diallleter, 8 ft.; then in 15 ft. the vemLer, and the seed sown toward the end of March or prop",r degree of fermentation, that there should beleft 
furnace narrows to 13 ft., and in 56 ft. to 10 feet at the beginning of ApriL About 301b. of seed are required as httle space as possible. 'rhe bundles are kept in 
top. l'he two great objections which Mr. Walsh en· per acre. A light loam is the best kind of soil, and position, and prevented from floating by wedginl( stout 
deavors to meet are that the fuel may 'be crushed on sunshine, with occasional light showers, is most favor· beams of timber across the tank. Water, which should 
the short bosh, and that the cubical capacity of the able to the growth of the plant. Thecropis frequently be .clear and of gocxl. quality, is then run in so as to 
furnace may 'be cmtailed by the shortness of the bosh. considerably damaged by long continued rain. The completely cover the plants. An active fermentation 
In other words, it is either all booh, or no bosh about plantgrowsrapidlY,andattainsa height of about 3 ft. It more or la�s rapidly commences, la.sting on an average 
it. Mr. Walsh goes between, evidently being a classic - IS cut for the first time from the middle of June to the from ten to fifteen hours, according ro the temperature 
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al student; and having read that .in the middle one 
goes safest, recommends a flat bosh, and so far his 
I!.tatement, if not a success, is at least a challenge to 
both extremes.-Engineering. 

INDIGO MANUFACTURE: AN IMPROVED 
PROCESS. 

THE following is a communication to the Society of 
DY€'rs and Colorists from Mr. Christopher Rawson, 
F. C. S., Lecturer on Technical Analysis at the Bradford 
'foohnical College. 

By far the greatest amount of indigo consumed in 
this country is obtained from India, and more especial
l¥ from Bengal, Oude, and Madras. The principal 
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BLAST FURNACE PRACTICE. 

beginning of July. varring according to the quality of 
the soil and the state 0 the weather. It is important 
to cut the plants just when mature, indicated by the 
bursting forth of the flower buds and the expansion of 
the blossoms_ After two months the plants are cut a 
second time, but the yield of indigo is not so good as 
that obtained from the first crop. 

There are two methods in general use for the treat
ment of the plants. 

I. From the M'nk Leaves.-In Bengal the factories 
usually contain two rows of vats, built of brickwork 
and lined with stone and cement, the bottom. of the 
one row being nearly upon a level with the top of the 
other. There are from t",n to twenty vats in each 
series, the area of each vat being about 400 square ft. 
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ofth-e air, the quality of the water. and the 'ripeness 
of the plant. A few hours after the illlmersion of the 
plant, the condition of the vat must from to time be 
carefully e xamined. If the fermentation is still very 
rapid, the vat mgst not be disturned; but when it be
comes more tranquil, it is an indication thatthe niacer
ation of the plant is complete. Other indications of 
this point having 'been attained are the following: 
(1) When the water, which wa.'l at first clean, begins to 
become muddy and acqu ire a slight greenish tinge. (2) 
When bubbles of a g_r_eenish color rise to the surface 
here and thera (3) When toward the edge of the vat 
some mucilage, or a kind of a grayish scum, commences 
to be formed. (4) When a very slight purple pellicle is 
observed on the surface of the liquor, especially neac 
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the corners of the vat. (5) When the Jiquor begins to ex
hale a slight, but not disagreeable, odor of herbs. The 
liquor is now run off from the steeping into the lower 
or beating vats. If the liquor is of a pale yellow tint, 
the product obtained from it will be much richer in 
quality, but not so abundant as if it had a golden yellow 
color. The average temperature of the liquor at this 
period is 300 C. From 10 to 18 men enter each vat and 
beat up the liquor with oars or shovels 4 ft. long, keep
ing up the agitation from 1� to 3 hours. The yellow 
liq uor gradl1ally becomes green, and finally separates 
and precipitates in flakes. It is of importance that 
this process should be broken off at the right moment, 
for if it be continued too long, the precipitate formed 
at first will redissolve and be lost. After the beating 
process, the liquor is allowed to stand for two or three 
hours, and as the indigo subsides the supernatant 
liquid, which must be clear, is withdrawn. The blue, 
pulpy mass is now collected in a separate vessel, and 
pumped up into a caldron of water and boiled. The 
principal object in boiling is to prevent a second fer
mentation, which would give rise to the formation of a 
brown re�inous body, but at the same time it frees the 
indigo from a worthless yellow coloring matter. After 
standing for twenty hours, it is again boiled for from 
three to four hours. From the boiler the mixture is 
run on to a large filter called the dripping vat, which 
for a factory containing twelve pairs of preparation 
vats is 20 ft. long, 10 ft. wide, and a ft. deep, having a 

false bottom 2 ft. under the top edge. A thick woolen 
cloth or strong canvas is stretched along the bottom of 
the inner vessel, upon which the indigo collects as a 
bluish-black pasty mass. After allowing the liquid to 
drain for about twenty-four hours, the magma is placed 
into wooden boxes perforated with holes, and lined 
with strong cotton cloth. The pasty indigo is then 
submitted to a gradually increasing pressure, until no 
more liquid runs out at the bottom. The pressure 
having been withdrawn, the boxes are opened and the 
blocks of indigo cut up, by means of a knife or brass 
wire, into pieces of a cubical shape, usually measuring 3 
in. each way. These cubes are then taken to the dry
ing house, where they are placed on trellises covered 
with matting, so as to admit of a free passage of air. 

Direct sunlight is carefully excluded, and care is taken 
not to dry the indigo too rapidly. Each fermenting vat 
yields from 36 to 50 lb. of indigo. 

II. Indigo jrom Dried Leaves.-The ripe plant is cut 
in dry weather an hour or two before sunset, and then 
dried in the sun on two consecutive days between 9 A.M. 
and 4 P.M. When dry, the plants are submitted to a 
process of thrashing, so as to separate the leaves from 
the stems. The leaves in the course of a few weeks 
undergo a change in color; their beautiful green tint 
turning a pale bluish gray. The leaves are now ready 
for extraction. They are put into a steeping vat with 
six times their bulk of water, and allowed to macerate 
for tw@ hours, with continual stirring, till all the float
ing leaves sink. The fine green liquor is then drawn 
off into the beating vats without delay, and treated as 
in the process previously described. 

The new process of manufacture, which is in the 
hands of a company known .as the Indigo Company, 
Limited, claims to effect the complete separation and 
oon version of the indican present in the indigofera, 
etc., into indigotin, by the action of ammonia or other 
alkalies, and by more powerful means of oxidation. 
Two methods of treatment are described, named re
spectively the" cold" and " boiling" water process. 

I. l'he Cold Water Process.-The indigo plant is 
steeped in vats with water at its normal temperature, 
and the same length of time given as is usually allowed 
in the ordinary process of manufacture. The liquor is 
then drawn into the lower or beating vats, when the 
fermentation is either stopped or reduced to an insen
sible point. The temperature of the liquor is now 
rapidly raised by' means of steam pipes to 96° F., 
whereby the portion of the glucoside which has es
caped decomposition in the fermentation vat is entire
ly converted and rendered available for the production 
of indigo blue. Ammonia is added to the liquid in 
quantities up to 250 lb. of liquor ammonia, sp. gr. 0'880, 
per 1,000 cubic feet of pressed plant. The amount req nir
ed to be added varies according to the quality of the 
plant, the soil on which it is grown, and the temper
ature of the external air. A solution of nitrate of pot
ash or solla in the proportion of five pounds or more of 
the salt per 1,000 cubic feet of plant is then added to 
the vat, and the beating or oxidation process is carried 
on as rapidly and effectually as it can possibly be done 
without causing too violent a disturbance in the 
liquor. This is effected by employing one or more of 
the following devices: 

(a) By having beating vats of more than double the 
ordinary area, so as to expose a greater surface of liquid 
to the air. 

(b) By having double the number of vat beaters 
usually employed. 

(c) When the liquor is to be beaten by means of 
mechanical power, only that machinery is employed 
which causes the greatest exposure of the liquid to the 
air, and which does not produce too violent a disturb
ance in the liquor itself. 

(d) By blowing atmospheric air, or preferably ozoniz
ed air, produced by electric discharges from bellows, 
fans, or air pumps, into the liquor. The temperature 
of the air blown in may be advantageously raised to 
that of the vat. The' other operations are conducted 
in a similar manner to those described under the 
ordinary process of indigo manufacture. 

II. The Boiling Water Process. -Srnall shallow vats 
(2 ft. 6 in. deep) are used for this process. Water is run 
in and heated to the boiling point, and the indigo 
plant, in small loose bundles, introduced for a few 
minutes only. As soon as the scalding is complete, 
which is known by the liquor attaining a yellowish green 
color, the solution is rapidly drawn off into the beating 
vat. The requisite quantity of ammonia is then add
ed, and the liquor treated in the same manner as in the 

" cold water" process. 
In either case, other alkalies may be used in place of 

ammonia, although the latter is much preferred by the 
patentee. He finds that a,mmonia has the property of 
combining more readilly with indican and its deriva
tives than any other alkalies. Ammonia alsoyields the 
best quality of indigo. 

The chemistry of the process is rather involved. In
dican is a glucoside, and is readily soluble in water. 
Ammonia is stated to unite with the indican, forming 
a body which is highly susceptible of oxidation, and 

which yields a far greater quantity of indigo than 
indican itself. In the ordinary steeping vat, am
monia is produced by the fermentation of the 
nitrogenous substances present in the indigo plant., 
but not in sufficient quantity to combine with 
and convert the whole of the indican into the 
readily oxidizable body which afterward yields in
digo blue. In the ordinary process of manufacture, 
therefore, there is always a great loss from a portion of 
the indican escaping cOllversion into indigo blue. The 
amIllonia added, as previously described, effects the 
complete oxidation and decomposition of the indican, 
thus utilizing the whole of the indigo-producing bodies 
present in the plant. 

The changes which occur during the fermentation of 
the indigojera, and during the ordinary treatment 
which the liquid receives in the beating vats, have 
never been scientifically examined, but, reasoning by 
analogy, principally from Dr. Schunck's investigations 
upon the coloring principles of the Isatis tinctoria or 
common woad, it is generally consl.dered that during 
the steeping process the indican dissolves as a gluco
side, and in consequence of the fermentation which 
ensues is decomposed into indigotin and a peculiar 
sugar named indiglucin. Schunck expresses the for
mula of indican and the decomposition it undergoes as 
follows: 

2C.H"NO,,+4H.O=ClOH,oN.O,+6C.H,oO •. 

Indican. Indigotin. Indiglucin (sugar). 

The indigotin would then be precipitatpd, but since 
ammonia is produced at the salIle time, it is, by the 
simultaneous action of the alkali and sugar or other 
organic matters present in the liquor, reduced and kept 
in solution, thus forming a true indigo vat, from which 
the indigo is afterward precipitated by the action of 
atmospheric oxygen during the beating process. How
ever, if this simple view of the chemical changes which 
take place be correct, it is difficult to conceive how the 
addition of ammonia to the beating vat can affect the 
ultimate yield of indigo. And yet when the two 
methods are worked side by side with the same quality 
of plant, and under similar conditions, the " ammonia 
process" gives an increase of indigo ranging from 50 
to 100 per cent. (or even more) above the ordinary sys
tem. 

I have analyzed a number of samples of inrligo manu
factured by the" ammonia process," several of which 
were kindly supplied to me by the Indigo Company, 
Limited. The indigoes were made in varlOUS factories, 
and naturally varied somewhat regarding the actual 
percentage of coloring matter present, but they were 
all of good average quality. Unfortunately, with one 
exception, I was unable to obtain samples representing 
the indigo made by the ordinary process at the same 
factories. Therefore in those cases it is needless to give 
the actual figures of analysis. However, one case may 
prove the rule. Two samples of indigo were supplied 
to me which had been produced at the Belsund factory. 
In one case the indigo had been made by the ordinary 
method, and the other manufactured on the following 
day by the" ammonia" process. The plants treated 
were of the same quality, the amount put into the 
steeping vats in each case carefully noted, and the yield 
of indigo obtained therefrom accurately weighed. 
The operations were conducted in such a manner as to 
give every opportunity of allowing the two processes to 
be strictly compared. The result was an increase of 
production of 120 per cent. in favor of the "ammonia" 
process. 

The analyses show that although the indigo made by 
the" ammonia" process contains more mineral matter 
than that made in the ordinary way, yet it also con
tains more coloring matter, and its tinctorial value is 
nearly 10 per cent. higher than the latter. It will also 
be observed that the" ammonia" iudigo contains much 
less brown and resinous matter. 'rhe ash is rather ex
cessive in this and some other samples produced by the 
" ammonia" process, owing to the heavy rain in the 
autumn of 1885 causing the water to be muddy, which, 
on addition of ammonia to the beating vats, precipi
taterl with the indigo. However, in order to avoid this 
in future, the water will be filtered before running into 
the beating vats. The analytieal results were further 
confirmed by dyeing woolen yarn with equal weights 
of the indigoes dissolved in sulphuric acid. 

AN IRON MICROPHONE. 

THE accompanying figures represent a new form of 
microphone, into the construction of which nothing 
but iron and steel enters. 

In Fig. 1, three steel or iron spheres rest upon the 
edges of two iron rails or pieces of steel spring lying 
parallel at a slight distance apart, and connected with 
each other through the contact of the spheres. The 
current enters through one of the rails, traverses the 
balls, and makes its exit through the other rail, in the 
direction shown by the arrows. These rails form the 
electrodes. 

The balls are of the size of a pea, and are two or 
three in number. The details naturally vary according 
to circumstances. The combination forills a single 
microphonic element; but we may connect several, as 
shown in Fig. 2, where the current traverses all the 
elements. This arrangement gives a more energetic 
effect than that obtained with a single series. A !Single 
ball placed upon the rails would naturally constitute a 
microphone, but it is better to have several. These 
metallic microphones are capricious, and difficult of 
management, and experience has taught me to mis
trust a simple metallic contact, which is not al ways 
reliable. The action of such contacts often diminishes 
with time, especially where it concerns flat ones. 

The spherical surfaces of the balls, resting upon the 
sharp edges, present less danger; but the inconvenience 
is evidently due to the fact that the metallic surfaces 
in contact wear away under the influence of the cur
rent. 

The points of contact in a microphone wear away 
absolutely in the same way as do the ends of the car
bon in arc lamps. The current effects a carriage of the 
particles. 

In a car bon microphone, such a loss seems to be of 
less consequence than in metallic ones. The construc
tion of these latter, then, requires less care. Carbon 
contacts easily form a microphone, and the carbon 
may have any form whatever-that of a rod, points, 
blocks, or powder. 

The same is not the case with metals, which present 

© 1887 SCIENTIFIC AMERICAN. INC 

peculiar characters that must not be lost sight of. The 
nature and wear of the surface form a part of these, 
and, moreover, it is evideut that metals give a shorter 
distltnce of discharge than carbon does, that is to say, 
they interrupt the current more easily, through their 
vibrations, than carbon contacts do. It results 'from 
this that a vibration that produces no interruption of 
the current· in a carbon microphone will have the con
traryeffect in a metallic apparatus, and will prevent 
the latter from operating. This is why, in my first 
experiments, I tried to reduce or modify the sonorous 
vibrations so as not to disturb the metallic contacts 
too much, and with this end in view I employed liquid 
vibrators. 

Prof. Hughes is the first one, to my knowledge, who 
used a liquid vibrator for the microphone. I remem
ber having seen him immerse a carbon microphone in 
water. The transmission of words uttered before the 
surface of the water and transmitted by the micro
phone to the bottom of the liquid was very clear. I 
have substituted oil for the water,' so that the iron mi
crophone might be preserved in it, and have found 
that the fluidity of certain oils renders them fit to 
make excellent vibrators. 

In one of the last numbers of this journal there ap
peared an illustrated description of a microphone 

FIGS. 1 AND 2, 

transmitter, with metallic contact, of Messrs. Edison and 
B ergmann, in which a liquid vibrator is combined with 
metallic points, in order to modify the sonorous vibra
tions before they reach the metallic contacts. In this 
apparatus, the liquid does not surround the contacts, 
but is contained in a box between two diaphragms, to 
one of which the microphone is attached. I may add 
that this arrangement was patented in Englaud a few 
years ago by myself and another person. These two 
things, that is, the extent of the vibrations and the 
condition of the surfaces in contact, are the most 
important considerations in the construction of a 
metallic microphone, and, in a great measure, determine 
the form thereof. 

Again, it is necessary to know whether or not it is 
well to use a diaphragm. In England we have reached 
the conclusion that a Hughes microphone, with a 
diaphragm, forms an Edison transmitter, whatever be 
the construction or whatever be the materials used. 
An instrument without a diaphragm would have little 
chance of being considered as a Hughes microphone; 
but, up to the present, no one has been able to produce 
in court a microphone without any sort of diaphragm, 
and, consequently, judges have considered all forills of 
microphones as infringements of the Edison patent. 

Prof. S. P. Thompson's microphone, in which the air 
directly strikes the movable piece, has not as yet been 
attacked; but this is the sole exception. 

Fig. 3 represents one of the microphones whose prin
ciple is shown in Fig. 1. 

It is containell in a small box, A, surrounded by a 
thin plate suspended by elastic cords from three brass 
supports, BCD. These latter are mounted upon a 
board, E, which is provided with two terminals, t and J, 
connected by fine wires with the rails of the micro
phone in the box, A. 

The current traverses the microphone by passing 
from one terminal to the other. 

The elastic cords support the microphone, to which 
the air has no access, and which consequently cannot 
get rusty, for the box is hermetically closed. The speak
ing is done over the box, A. 

This form of the apparatus, which has been con
structed by Mr. B. Warwick and myself, is objection
able in one respect, since the box, A, and the plate con
stitute a sort of diaphragm. So we have devised an
other model, in which the contacts are directly exposed 
to the sonorous waves, as in Fig. 2. 

The speaking is done in a tube, and the vibrations 
traverse the microphone. This model, however, does 
not permit of iron being usell, since the moisture of the 
breath would oxidize that metal. unless special precau
tions were taken; but other metals can be used. 

FIG. 3. 

Necessarily, the balls should not be held in place, 
but should move freely over a small extent of the rail, 
so as to preRent different surfaces of contact. Finally, 
instead of balls, cylinders lIlay be employed.-J. Munro, 
in La Lumiere Elect'rique. 

SUGGESTION ABOUT CANCELING POSTAGE 
STAMPS. 

']'0 the Editor ojtii� Scientific American: 
Referring to an article that appeared in your 

paper some time since in regard to the want of the 
Post Office Department of an improved stamp for the 
purpose of canceling postage stamps so pel'f6ctly that 
it would prevent their being used again, I make this 
suggestion to your inventive read(trs. As electricity 
can be readily obtained, why not connect a flexible 
wire to a stamp holder, to convey a current through 
platinum wires to that part of the face of the stamp 
which does the canceling? 
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